ABSTRACT Studying event-related potentials (ERPs) is considered as an effective method for investigating cerebral mechanisms of processing emotional speech. It has been shown that the amplitudes of ERP components in the cognitive processing of emotional speech are modulated by acoustic characteristics, such as valence and arousal. However, whether the duration of emotional speech stimuli impacts emotion-related cognitive processing remains unclear. To better understand the effect of emotional speech stimulus duration on emotion-related cognitive processing, we explored whether emotional speech ERPs were influenced by the duration of stimuli presented. Specifically, this paper focused on the ERP investigation of different durations (short: 0.50-1.00 s; medium: 1.50-2.00 s; and long: 2.50-3.00 s) of Chinese emotional speech stimuli. Chinese is a typical tonal language, and the stimuli were excerpted from radio plays in order to make emotions more obvious and easier to distinguish. We investigated the three different stages of the emotional speech processing: sensory processing, salience detection, and cognition. During the experiment, participants passively listened to emotional utterances matched for semantics and prosody with four emotions (sadness, anger, happiness, and surprise). Our results showed significant differences in the amplitudes of ERP components for different emotions during short-duration emotional speech stimuli. These findings suggest that shorter duration emotional speech stimuli may be more effective for separating the ERP components representing different emotions (N100, P200, and N300).
I. INTRODUCTION
Emotional speech refers to a special voice signal that has evolved through human development and is an indispensable information carrier for interpersonal communication [1] . Perceiving and identifying emotional information from speech stimuli play important roles in social life [2] and also have enormous adaptive value [3] . Emotional information in speech is usually expressed by semantic content [4] and prosody [5] . In general, speech stimuli are presented in chronological order. The presented semantic content is also different at different times for emotional speech. This difference is mainly manifested in the specific speaker of the voice, pronunciation, tone, and so on, where tone is the use of pitch contour in language to express emotional and other paralinguistic information (e.g., emphasis, contrast), as well as to distinguish lexical or grammatical meaning. Those languages that use tones to distinguish words or their inflections are tonal languages, such as Chinese, and those that do not are non-tonal languages, such as English, in which tone indicates nothing about the meaning of the word [6] . Mandarin is the standard Chinese language and has four tones and one neutral tone, the pronunciation of which is usually transcribed by using Hanyu/Chinese pinyin (henceforth simply pinyin). For example, the Chinese syllable ''ma'' can mean ''mother'' (pinyin: mā ) with a high level tone, ''hemp'' (pinyin: má) with a high rising tone, ''horse'' (pinyin: ma) with a low dipping tone, or ''scold'' (pinyin: mà ) with a high falling tone, or it can act as an interrogative particle (pinyin: ma) with no specific tone (neutral tone).
Chinese is a typical tonal language. Some researchers found that ''disgust'' or ''anger'' can be expressed by a falling successive addition tone, and ''happiness'' or ''surprise'' by a rising successive addition tone [7] . Chinese and English speakers use three regions in the left hemisphere: the inferior frontal gyrus, the anterior superior temporal gyrus, and the posterior middle gyrus [6] . Compared with English speakers, Chinese speakers perform better in frequencymodulated identification tasks [8] . Furthermore, Chinese speakers showed additional activation for tone perception in the frontal, parietal, and parietal regions of the left hemisphere, while English speakers showed activation in the lower right frontal cortex that is consistent with the role of the right hemisphere in pitch perception [9] . In addition, Chinese and English speakers have different styles of expression. English speakers are used to putting the result in front, followed by content and explanation, while in Chinese, the opposite is true. For example, the Chinese utterance '' (Pinyin: wǒ fēi cháng xǐhuān tā) is translated into English as ''I like it very much''. In Chinese, if you do not hear the last word, then you will not know what it wants to express. Furthermore, the level of understanding of listeners in the moment also increases with the progress of time and the completeness of utterances, especially for Chinese language. Therefore, the emotional information conveyed by emotional speech should vary at different times based on the the completeness of the utterance. For example, a speech sample of 500 ms may consist entirely of emotional information. In contrast, a speech sample of 1500 ms that contains the same 500 ms of emotional content would have a lower concentration of emotional information (only one-third of its total duration). Thus, there should be a difference in emotional cognition for emotional utterances of different durations at the same moment. It remains unknown whether this difference is reflected in different ERP components. ERP measures are very time sensitive and can accurately extract signals related to cognitive processing on the scale of milliseconds. If the duration of an emotional utterance conveys its meaning, can ERP components be influenced by the duration of the emotional speech? Investigating the effect of ERP component duration on emotional speech processing is thought to be important for better understanding emotional perception.
Previous studies have proposed that processing emotional speech consists of three stages: sensory processing, meaningrelated processing, and integration and identification of emotional information [10] . Most behavioral and electrophysiological researchers now agree that early processing of emotional information (first stage: N100/N1, second stage: P200/P2) is influenced by acoustic characteristics (e.g., fundamental frequency, F0, and intensity) [10] , [11] , and the third stage (including N300/N3 [12] , [13] , P300 [14] ) and the late positive component (LPC) [15] , [16] ) are influenced by emotions, semantics and prosody [14] as well as by arousal (exciting or not exciting, active or inactive) [16] . Furthermore, previous studies have also reported that the left hemisphere responds more to linguistic prosody, while the right brain responds more to effective prosody [17] - [19] . In contrast to the right hemisphere, the left hemisphere seems to process intelligible speech [10] , [20] . In a study of emotional speech duration, Dmitrieva et al. [21] found that recognition efficiency and response time were the best in cases of neutral and negative emotional speech for different durations, and the shortest stimulus duration (above 0.5 s) could be perceived by 14-17-year-olds. In addition, prior studies have demonstrated differences in the time required for identifying different emotions. Pell and Kotz [22] found that recognition rates for different emotions were associated with different stages of speech. For example, recognition rates for sadness, anger, fear and neutral were faster than those for happiness and disgust, and recognition results for happiness quickly increased following the end of the speech. However, to date, only behavioral studies have been performed to explore whether the duration of related speech stimuli impacts emotional speech recognition. Previous studies have indicated that the cognitive processing of emotional speech progressively unfolds over time [23] . Thus, the current investigation attempts to fill this gap in the literature by investigating whether duration impacts emotional speech processing.
In previous ERP studies of emotional speech, the prosody and semantic content of emotional speech were studied separately. For prosody studies, pseudo-sentences and pseudo-utterances (nonsense speech) with no semantic information [24] , [25] or neutral semantic words were selected as emotional speech stimuli [13] in order to avoid interference of semantics on emotion recognition. For example, when meaningful utterances were included in the stimuli, researchers generally attempted to demonstrate the dynamic integration of emotional prosody and semantics [26] . These previous studies shared two common features. First, most emotional speech materials were recorded by professional actors. According to the results, however, emotion recognition was not influenced by speaker voice [16] or experimental tasks [4] , [27] . Second, numerous emotional speech samples were created with minimal semantic content by choosing neutral text or pseudo-sentences. In addition, these previous studies differed in various aspects of the speech stimuli: the number of emotion categories (e.g., 3 types [13] , [28] , [29] ; 5 types [23] ; 7 types [24] , [30] ), the types of emotion investigated (e.g., happiness, and anger; anger, disgust, fear, and happiness; anger, disgust, fear, sadness, and happiness; anger, disgust, fear, happiness, surprise, and sadness), the content (e.g., words or sentences) and the language (e.g., English, German or Chinese) of the emotional speech. These previous studies consistently demonstrated that there are some differences between neutral and emotional speech and that the speech stimuli of different emotional categories (for example, anger and happiness, neutral and emotional) are associated with different P200 response amplitudes [16] , [17] , [30] . However, ERP results for emotional speech remain inconsistent. For example, in one report, angry speech had a larger P200 amplitude than happy speech [28] , whereas other studies showed no difference between these two emotions [13] , [16] . Overall, because of the different stimulus materials used in the literature, it remains challenging to determine which factor(s) will affect ERP components of emotional speech stimuli. One possible explanation is that the durations of these emotional stimuli were different, varying from 0.12-3.50 s on average [16] , [22] , [24] . Consequently, whether duration will affect the ERP components during cognitive processing of emotional speech remains an open question.
To date, few studies have directly examined the effect of emotional speech stimulus duration on emotional perception. Determining how the duration of emotional speech stimuli impacts ERP components such as the N100, P200, and N300 could help provide a more complete understanding of the cognitive processing of emotional speech.
In this study, we took advantage of the temporal resolution of ERP methodology to explore whether ERP components were influenced by the duration of stimuli presented in emotional speech. We addressed the following three questions: (1) Do ERPs show group differences for emotional stimuli of different durations? (2) Do emotional stimuli of different durations impact different ERP components (N100, P200, and N300)? and (3) Do short-duration emotional stimuli significantly impact N100 amplitude? In addition, we asked whether the ERP N100 and P200 components showed greater amplitudes in the left hemisphere.
II. METHOD A. PARTICIPANTS
A total of twenty right-handed native speakers of Chinese (10 females and 10 males, average age: 27 years, range: 22-35 years) participated in the experiment. All participants were graduate students with no reported hearing or neurological disorders and had normal or corrected-tonormal vision. The research protocol was approved by the Institutional Review Board of the Institute of Psychology, Chinese Academy of Sciences (H16012) and was conducted according to the principles expressed in the Declaration of Helsinki. All participants provided written informed consent and were given a well-prepared gift for their contribution.
B. STIMULUS MATERIAL 1) SPEECH SELECTION
Stimulus materials were selected by our lab from the emotional speech database of Taiyuan University of Technology (TYUT2.0) [31] for their clear, strong and easily distinguishable characteristics of emotional expression. Specifically, four types of emotional utterances, expressing sadness, anger, happiness, and surprise, were selected. The emotional speech database can be downloaded from the following website: http://www.tyut.edu.cn/cie/szysp/News_View.asp? NewsID=624. These utterances were excerpted from a Chinese radio play (drama, without background music). Very different from the usual proscenium theatre or films, radio plays are a ''blind medium'' that is totally dependent on sound [32] , [33] , using various artistic means (e.g., dialogue, music, and sound effects) to create audio images and depict scenarios. Sometimes, necessary comments may be added to help the audience better understand the scenarios. We chose radio play as the experimental material because such emotional utterances are richer in content and have more distinct emotions, which aided participants in quick and accurate identification of emotions.
In addition, it must be noted that the type and number of emotional utterances in TYUT2.0 are still constantly improving and increasing. The database currently contains 160 sadness, 180 anger, 111 happiness, 305 surprise, and 153 neutral samples. It contains more distinct speakers than speech databases recorded by professionals and almost equal numbers of male and female voices, all of which sound like young people between 20 and 40 years old. However, some studies have noted that the speaker's voice and gender have nothing to do with the ERP findings [16] , [24] . Therefore, in our study, ignoring the speaker's age and gender, we selected 90 samples of each emotion (sadness, anger, happiness, and surprise) that met our duration requirements, for a total of 360 samples used in the experiments. 
2) PREPROCESSING
It is well known that EEG has a high temporal resolution and can reflect a participant's cognitive processing in real time. An ERP is induced by a specific stimulus, and its acquisition usually requires multiple EEG signals representing the same event to be superimposed. However, speech stimuli are presented in chronological order; for example, for the speech stimulus shown in Fig. 1 (A) , it is difficult to effectively superimpose the ERP waveform due to the inconsistency of the starting position and the spacing of the words in the speech materials. In particular, the starting position has a direct impact on the extraction of the ERP waveform, requiring that the beginning of the speech signal not be silent-there must be a voice. That is, the time tolerance of waiting for speech playback is zero for a speech signal.
To ensure the effective superposition of ERP waves, signals were preprocessed by performing endpoint detection on all stimuli. An example of a preprocessed speech signal is shown in Fig. 1 (B) . This process does not affect the acoustic characteristics such as fundamental frequency, energy, and intensity, and it only addresses the starting non-speech portion, word spacing and the duration of the first word of speech signals. First, removing the non-speech/silent part at the beginning of the speech signal ensured that all speeches started at the same time [34] , i.e., speech stimuli were presented beginning at time zero. Second, adjusting the word spacing was necessary to reduce differences between the speech samples. Based on previously used experimental methods in speech signal processing, if the wording space duration was greater than 50 ms, then it was set to 50 ms; if it was less than 50 ms, then no change was made. Finally, adjusting the first word in each speech sample was also necessary to reduce betweensample differences. If the first word duration was longer than 400 ms, then no change was made because this duration comprised two words. If the first word duration was longer than 150 ms and less than 250 ms, then it was adjusted and compressed into 150 ms. It should be noted that very few utterances require this kind of processing. An endpoint detection algorithm was applied to emotional speech samples in MATLAB 7.0. The specific algorithm was as follows:
A double-threshold, two-stage detection method based on energy and zero-crossing rate was used to detect speech endpoints.
Step 1: A speech signal x was divided into equal frames to keep characteristics approximately constant in a short time interval. Each frame was recorded as s i (n), n = 1, 2, . . . , N , where n is the discrete time series of the speech signal, N is the frame length, and i is the frame number.
Step 2: The short-term energy of each frame was as follows:
Step 3: The zero-crossing rate of each frame was as follows:
Where
Step 4: Double-threshold two-stage detection method: for determining the speech start time, it was necessary to set a higher average energy threshold T 1 and a slightly lower threshold T 2 , such that T 2 = α 1 E N , where E N is the average energy of the noise segment, α 1 is the empirical parameters, and T 2 is used to determine the end of the speech. At this point, first-stage detection is complete. Based on the zerocrossing rate of the noise, Z N , the second-stage detection also requires the experimenter to set a threshold T 3 for determining the onset and time in the speech. Adjusting threshold A enables detection of the speech endpoints and extraction of the first words. Start time detection of the speech sample and single word extraction x m (where m is the number of words) can be achieved by adjusting the threshold.
Step 5: Judging the duration of adjacent words: if the duration was greater than 50 ms, then it was set to 50 ms; if it was less than 50 ms, then no change was made.
Step 6: Judging the duration of the first word: if the first word was less than 150 ms in length, it was not processed. If it was longer than 150 ms, it was necessary to adjust the duration. Without affecting the acoustics, rhythm, integrity or fluency characteristics of the speech sample, one frame of the speech signal was randomly deleted from the first word. If it was still longer than 150 ms, then the procedure was repeated; otherwise, the algorithm exited the operation. FIGURE 2. Observed ERP waveforms before and after preprocessing. For N100 and P200 components, although the latency is the same, the amplitudes of the components obtained are significantly larger after preprocessing. For the N300 component, the waveform's latency is advanced, and the peak of the waveform is more easily observed.
To ensure speech quality, all emotional speech was subject to a validity test after preprocessing. As seen in Fig. 2 , the observed ERP waveform components (N100, P200, and N300) were more obvious after preprocessing.
3) EXPLANATION AND ANALYSIS
For the selected emotional speech sentences, the emotional language was required to be accurate and unambiguous. In addition, there were no significant differences in the intensity of emotional speech: intensity was maintained at approximately 80 dB for all speech durations.
Based on the duration of emotional speech, emotional speech samples were classified into three groups: short (0.50-1.00 s), medium (1.50-2.00 s), and long duration (2.50-3.00 s). Emotional speeches were an even mix of male and female voices for different durations. There were 360 emotional speech samples (90 for each emotion, divided equally among the three duration conditions). Neutral stimuli were a pure tone signal with a frequency of 250 Hz. The purpose was to make emotions easy to distinguish and to make the experimental task simple. Only those whose recognition rate exceeded 90% were selected for the official experiment. All stimuli were acoustically analyzed using Praat software (32-bit, version 5.4.22). Praat is an open-source, cross-platform, and multi-functional phonetic professional program for the analysis, labeling, processing and synthesis of speech in phonetics; it can be downloaded from this page: http://www.fon.hum.uva.nl/praat/. Table 1 presents the emotional acoustic parameters of speech speed, fundamental frequency F0, formant F1, formant F2, intensity, and duration for three durations. Among them, fundamental frequency F0, intensity and duration were obtained directly by Praat software, and speech speed = number of words/duration (s). However, formants F1 and F2 were obtained by setting the maximum formant frequency value of Praat. The selected parameters refer to the standards of 5000 Hz for men and 5500 Hz for women. Table 2 lists Chinese example sentences expressed in pinyin (Chinese phonetic alphabet), and literal English translations are provided in parentheses. There were 5 example sentences for each emotion at each duration. In Table 1 , short duration refers to 3 to 6 words, medium durations to 5 to 10 words, and long durations to 7 to 12 words.
4) EXPERIMENTAL DESIGN AND DATA PROCESSING
The current study aimed to explore whether ERP waveforms elicited by emotional speech were influenced by the duration of presented stimuli. The experimental design is shown in Fig. 3(A) . This is a 3 × 4 within-subjects design with factors of duration (short, medium, long) and emotion (sadness, anger, happiness, and surprise). In addition, ROIs were defined for ERP analysis based on scalp regions of interest. Six ROIs were defined for critical scalp sites: left frontocentral (LFC) FC1 and FC3; left central (LC) C3 and C1; left centro-parietal (LCP) CP3 and CP1; right frontal (RFC) FC2 and FC4; right central (RC) C2 and C4; and right centroparietal (RCP) CP2 and CP4.
Based on existing ERP literature on emotional prosody processing [13] , [24] , three ERP components (N100, P200, and N300) were analyzed for the three stages of emotional speech processing.
5) PROCEDURE
Each participant was seated comfortably in an electrically shielded chamber in front of a computer monitor at a distance of 110 cm. The experiment was divided into three blocks (block 1: short duration; block 2: medium duration; block 3: long duration). Each block was composed of 150 (trials) stimuli, including 30 pure-tone signals and 120 emotional utterances. To avoid continuous presentation of the same type of emotion, stimuli were pseudo-randomized. Different orders of stimuli were presented to different participant in blocks of 150 trials each [35] During the experiment, each stimulus was only presented once. Participants were instructed to press a button as quickly as possible when the pure tone was presented and were not required to take any action when other sounds were heard. This design was intended to make the experimental task simpler and easier without identifying emotions. Participants were more likely to concentrate on tasks and did not feel tired. In addition, muscle artifacts can be reduced via this method.
Stimuli were pseudo-randomized and presented to participants in blocks of 150 trials. The order of the three blocks was counterbalanced. In total, 450 trials were presented across the entire experiment, and participants rested after each block. Each experimental trial began with a 500 ms fixation cross displayed centrally on the screen, followed by a 500 ms blank display. The sound stimulus (including emotion and pure tones) was subsequently presented for 3000 ms, as shown in Fig. 3(A) . The entire experiment was completed in approximately 40 minutes.
6) PROCEDURE
The electroencephalogram (EEG) was recorded by using a 64-channel EEG Quick-cap (Neuroscan, USA). Bipolar horizontal and vertical electrooculograms were recorded for VOLUME 6, 2018 grand average waveforms at C1 and C2 electrodes for emotional (sadness, anger, happiness, and surprise) stimuli at different durations (short, medium, and long). Bottom (B): average amplitudes (N100, P200, and N300) for emotional (sadness, anger, happiness, and surprise) stimuli at different durations (short, medium, and long)
For offline analysis (see Fig. 3(B) ), data were resorted based on the reference average and filtered offline with a 0.5-30 Hz bandpass filter. Trials with movement and electrooculogram artifacts exceeding ±100 µV were omitted from the average. ERP waveforms were time-locked from stimulus onset, and waveforms in the time range between 200 ms before stimulus onset and 1,000 ms after stimulus offset were averaged. Additionally, the 200 ms pre-stimulus period was used in the baseline correction.
7) DATA ANALYSIS
Behavioral responses were not reported because the experimental task was used to ensure that participants were able to complete the experiment carefully. Peak amplitude was calculated between 90 and 170 ms (N100 component) and 180 and 260 ms (P200 component). Mean amplitude was calculated between 300 and 400 ms (N300 following negativity) after stimulus onset.
This study used the IBM SPSS Statistics 19.0 software package. Amplitudes were entered into a repeated-measures ANOVA based on the within-subject factors of speech duration (short, medium, long) and emotion (sadness, anger, happiness, surprise). Six regions of interest (ROIs) were used for ERP analysis. Analyses were corrected for nonsphericity using the Greenhouse-Geisser method. All significant tests were two-tailed at the preset significance alpha level of p<0.05. In addition, post hoc tests were conducted as appropriate, using a Bonferroni correction for multiple comparisons.
The present work first reports the main effects of duration and emotion as well as their interaction effect. Next, ROI analysis with follow-up comparisons on the lateral plane 
III. RESULTS

A. ERP DATA
The analysis of ERP data revealed differences in how the human brain processed different durations of emotional speech stimuli at the level of the N100, P200, and N300. Fig. 4 shows grand average waveforms at C1 and C2 electrodes as well as amplitudes (N100, P200, and N300) for different emotional conditions at different durations. Fig. 5 shows the ERP responses to different emotions for shortduration stimuli. Fig. 6 shows the ERP responses to different emotions for medium-duration stimuli. Fig. 7 shows the ERP responses to different emotions for long-duration stimuli.
B. ERP COMPONENT ANALYSIS 1) N100 PEAK AMPLITUDE (90-170 MS)
The main effect of duration was significant (F (2, 57) = 22.64, p<0.001). As depicted in Fig. 4 , the speech stimuli with medium duration (−3.30 (0.18)) showed stronger N100 amplitudes than short-(-3.01 (0.19)) and long-duration (−2.29 (0.15)) stimuli. The interaction of duration and emotion was also significant (F (6,171) =3.70, p<0.01). The post hoc Bonferroni-corrected tests showed that the N100 amplitude was more negative in the happiness emotion condition (−3.44 (0.18)) than for the other three emotions (p<0.05), but only in the short-duration condition (Fig. 5 ). There were no differences in N100 amplitudes between the 4 emotions VOLUME 6, 2018 , and N300 components on the scalp are shown for each emotion (sadness, angry, happiness, and surprised). Lower right (C): average amplitudes (N100, P200, and N300) for emotional (sadness, anger, happiness, and surprise) stimuli in the medium-duration condition.
(sadness: −3.35 (0.18), anger: −3.25 (0.18), happiness: −3.44 (0.18), and surprise: −3.14 (0.16)) for the medium-duration condition (Fig. 6) . For the long-duration condition, angry speech stimuli (−2.03 (0.15)) triggered lower N100 amplitudes than sad (−2.51 (0.18)) or happy (−2.41 (0.23)) stimuli (p<0.01). ROI analysis demonstrated a significant main effect of region (F (5, 285) = 202.67, p<0.001). Lateral plane comparisons revealed significantly larger N100 amplitudes in the left hemisphere (−3.49 (0.52)) than in the right hemisphere (−3.09 (0.68)) (t(19) = 4.148, p<0.01) in the mediumduration condition, and no significant differences were found in the other two duration conditions (p>0.05). Sagittal plane comparisons showed significant differences among three regions. The N100 amplitudes were consistently highest in FC (short: −3.63(0.13); medium: −4.33 (0.15); and long: −2.91 (0.18)), followed by CN (short: −3.27 (0.16); medium: −3.62 (0.13); and long: −2.46 (0.08)) and CP (short: −2.10 (0.10); medium: −1.92 (0.13); and long: −1.54 (0.08)) across all three duration conditions. The results are shown in Fig. 8 .
2) P200 PEAK AMPLITUDE (180-260 MS)
The main effect of duration was significant (F (2, 57) = 34.95, p<0.001). As shown in Fig. 4 , this effect consisted of higher P200 amplitudes in the short-duration condition (3.53 (0.23) than those in both the medium-(2.47 (0.16)) and longduration (2.35 (0.19)) conditions. The interaction effect of duration and emotion was also significant (F (6,171) = 8.27, p<0.001). In the short-duration condition alone, the 4 emotions showed significant differences in P200 amplitudes, with happiness (3.94 (0.23)) and anger (3.88 (0.21)) amplitudes higher than those for sadness (3.29 (0.25) ) and surprise (3.01(0.23)) (p<0.01). There were no emotion-related differences for the medium-and long-duration conditions. We found a significant effect for ROI (F (2, 57)=3.79, p<0.05). For lateral plane comparisons, the P200 amplitude was larger in the left hemisphere than that in the right hemisphere in both the medium-duration (p<0.001) and longduration (p<0.05) conditions, but no significant difference was found in the short-duration condition. For sagittal plane comparisons, P200 amplitudes at CP were lowest in all three duration conditions (short: 2.48 (.10); medium: 2.01 (0.10); long: 1.61 (0.10)). The comparison of FC and CN showed mixed results. At short durations, there was no significant difference between these regions (FC: 4.12 (0.20); CN: 3.99 (0.12)). At medium and long durations, significant differences were observed between them (medium condition, FC: 2.59 (0.10), CN: 2.83 (0.11); long condition, FC: 2.92 (0.18), CN: 2.52 (0.13)). The results are shown in Fig. 9 .
3) N300 MEAN AMPLITUDES (300-400 MS)
The main effect of duration was significant (F (2, 57) = 3.79, p<0.05). Post hoc comparisons indicated that the N300 amplitude at short durations (−0.20 (0.10)) was significantly higher than those at medium (−0.19 (0.09)) and long durations (− 1.35 (0.09) ). In addition, there was no significant difference between N300 amplitudes for medium and long durations. However, there was no interaction between the emotion and duration (F (6,171) = 1.83, p>0.05).
The main effect of ROI was significant (F (5, 285) = 43.72, p<0.001). For lateral plane comparisons, there was no significant difference between the left and right hemispheres in any of the three duration conditions (p>0.05). For sagittal VOLUME 6, 2018 plane comparisons, there were significant differences among the three regions. The N100 amplitudes were highest across all three duration conditions in CP (−3.33 (0.06)), followed by CN (−0.25 (0.09)) and FC (−0.03 (0.11)). The results are shown in Fig. 10 .
C. CORRELATIVE ANALYSES
The association between duration of emotional speech and ERP amplitude was evaluated using Pearson's correlation analysis, and the results are shown in Table 3 . Duration was positively correlated with N100 and P200 amplitudes: an emotional utterance of longer duration was associated with N100 and P200 components of smaller amplitude. No significant associations were observed for N300 amplitude except at FC locations. 
IV. DISCUSSION
In the current study, we investigated the influence of emotional stimulus duration on ERP components for emotional speech in an effort to investigate cognitive processing of emotional speech perception. To this end, we presented Chinese emotional speech stimuli of different durations (short: 0.50-1.00 s, medium: 1.50-2.00 s, and long: 2.50-3.00 s). Participants passively listened to emotional utterances matched for semantic content and prosody with four emotions (sadness, anger, happiness, and surprise). Our results showed that ERP effects were observed at all three durations, which further indicated the sensitivity of the N100, P200, and N300 components to prosodic manipulations in emotional speech [18] , [24] , [29] , [36] , [37] . The amplitudes of the N100 and P200 components were associated with the duration of emotional speech. A short-duration emotional speech was more likely to induce a larger ERP waveform, which made it easier to observe differences between emotions for ERP components (i.e., the N100, P200, and N300). In the ROI analysis, N100 and P200 amplitudes were highest in the FC region, and N300 amplitudes were the highest in the CP region. In addition, semantic processing occurred to a greater degree in the left hemisphere than the right hemisphere at medium (N100, P200) and long durations (P200). The differences between emotions observed for the N100, P200, and N300 suggests that the duration of emotional speech plays a critical role in emotional cognitive processing. These findings also suggest a hemispheric lateralization in early semantic processing of emotional speech.
A. N100: EFFECTS OF DIFFERENT DURATIONS ON SENSORY PROCESSING OF EMOTIONAL SPEECH
Evidence exists in the literature that the N100/N1 is the first stage at which emotional prosody is processed [38] and is likely to be influenced by physical characteristics of stimuli or automatic attention allocation [39] . For example, it has been reported that N100 amplitude increases with pitch salience [40] and is increased by attended stimuli [19] , [41] . In addition, one study reported that the N100 amplitude was more negative in happiness and anger conditions relative to neutral prosody [13] . The results of the current study are consistent with this claim. In our results, the N100 amplitude was significantly different for different durations. The N100 amplitude was more negative in the medium-duration condition than at the other two durations. A significant main effect of emotion was found in the short-duration condition. In accordance with previous literature [13] , [28] , the N100 was more negative in the happiness condition than in the anger, sadness, and surprise conditions. Overall, emotions were significantly different between duration conditions. In addition, the N100 amplitude varied by duration condition for different emotions. The N100 amplitude was the most negative with happiness prosody at short durations and with sadness prosody at long durations. This result may be due to acoustic parameters or other factors such as attention, motivation, or arousal at different durations for the same emotion.
One study reported hemisphere differences in the sensitivity to speech information, whereby the left hemisphere responded to intelligible semantic information [20] .
According to the results of ROI analyses, N100 amplitudes were highest at the FC region in all three duration conditions, and the advantage of the left hemisphere over the right hemisphere only occurred in he medium-duration condition. This result departed from our hypothesis for the short-duration condition. Considering that the left and right hemispheres have different sensitivities to semantic and prosodic processing, one plausible explanation is that semantic activation of the N100 by short-speech stimuli was not strong enough to appear in the left hemisphere, while semantic processing of long-speech stimuli was beyond the brain's capacity in such a short time. Therefore, only speech stimuli in the mediumduration condition showed stronger N100 amplitudes in the left hemisphere.
B. P200: EFFECTS OF DURATION ON SALIENCE DETECTION OF EMOTIONAL INFORMATION
The P200 component is the second stage of emotional speech processing. This stage reflects the initial encoding and salience detection of the emotion, and this pathway projects from the superior temporal gyrus (STG) to the anterior superior temporal sulcus (STS) [10] . Previous studies have reported that different P200 amplitudes can reflect different emotional states, especially between emotional and neutral stimuli [13] , [23] . This initial emotional encoding appears to be influenced by stimulus pitch [42] , valence, and arousal [16] , as well as female and male voices [24] . In this study, a significant difference in emotion was found in ROIs for the short-duration condition. Relative to surprise prosody, the P200 amplitude was more positive for happiness and anger. Through comparison of the three durations, this study found that the short-duration condition exhibited the most highly significant differences between emotions. Previous studies showed a significant difference for emotional speech of approximately 3 seconds in duration [13] , [28] . Thus, the present paper conjectured that emotional speech may integrate more emotional information at short durations (200 ms) relative to medium and long durations, including acoustic features and semantic content. It may be easier to observe differences in P200 amplitude for different emotions. Conversely, it may be more difficult to observe differences for medium and long-duration stimuli because of the lower integration of emotional information. In conclusion, P200 amplitudes for three different durations exhibit significant emotion-related differences from each other. However, more significant emotion-related differences were observed for emotional speech of shorter-duration than for the other duration conditions.
The results of the ROI analysis of P200 amplitudes were similar to those of N100 amplitudes. P200 amplitudes were the lowest at the CP electrode site in comparison with FC and CN electrode sites. However, in contrast to N100 amplitudes, for P200 amplitudes, the advantage of the left hemisphere over the right hemisphere occurred not only in the mediumduration condition but also in the long-duration condition. In accordance with hemispheric lateralization, this finding VOLUME 6, 2018 also indicated that semantic processing of speech stimuli was more evident in the second stage of processing emotional speech.
C. N300: EFFECTS OF DIFFERENT DURATIONS ON INTEGRATION AND IDENTIFICATION OF EMOTIONAL CUES
The N300 occurs at the third stage of processing emotional speech, the stage of integration and identification of semantics and prosody. Different waveforms can be obtained from different experimental methods and conditions. Based on the time the peak appears and on the positive or negative trend of the waveform, the observed ERP components at this stage include the N300/N3 [12] , [13] , P300 [14] , N400 [43] , the late positive component (LPC) [15] , [16] [44] and other negative components(280-480 ms) [23] , as mentioned in the literature. At this stage, significant differences between emotions, between neutral and emotional stimuli, between semantics and prosody [14] , or between high and low arousal [16] can be distinguished.
In this study, the N300 amplitude was clearly observed, although this component was relatively small compared to the N100 and P200. This was particularly true at CP electrode sites, which exhibited significantly greater responses than those at FC and CN electrode sites. The main effect of emotion in the short-duration condition was more significant than those of the medium-and long-duration conditions. However, the interaction of duration and emotion was not significant. Overall, the N300 component observed in the current study may further elucidate the multi-stage process of emotional speech. Differences in emotional speech of approximately 3 seconds in duration have been reported previously [16] . However, in the current study, significant differences between emotions were only found in the short-duration condition due to the smaller N300 amplitudes. Nevertheless, as can be inferred from this study, the duration of speech stimuli can affect the N300 amplitude, and emotion-related differences in the N300 may decrease as duration increases.
D. LIMITATIONS
We used emotional speech materials from an existing database of Chinese emotional speech (TYUT2.0); these materials were excerpted from Chinese radio plays, and the semantic content of emotional speech stimuli was intelligible to participants. Future studies should explore the relative contributions of other emotional speech databases with unintelligible semantic content, such as a database of German emotional speech [45] , the Persian emotional speech database (Persian ESD) [46] , whose semantics would be unintelligible for Chinese participants, during processing of emotional speech with different durations. In addition, the real natural emotional speech (not the acted emotions) should also be valued. Moreover, the findings might only apply to tonal languages. In future studies, this experiment will be repeated with non-tonal languages. Furthermore, behavioral data regarding emotion recognition over a wider range of emotions should be collected in future studies to facilitate a more comprehensive understanding of the temporal course of distinct types of emotional speech and its relationship with duration. In addition, the current study cannot assert that the relationship between speech duration and ERP amplitude was reversed. Since the associations observed between N300 amplitude and speech duration did not reach significance except in FC regions, future studies are needed to confirm these associations. Moreover, it is possible that other variables, such as attention, motivation, or task parameters, can explain the observed findings. More studies are needed to address these possibilities.
V. CONCLUSION
To our knowledge, this is the first study to explore the influence of duration and emotion in tonal language on ERP components at different stages of emotional speech processing. Our findings suggest that the duration of emotional speech may impact ERP components associated with various stages of vocal emotional processing, particularly the extraction of meaning-related information from an emotional speech signal. This study suggested that short emotional speech stimuli lead to facilitated emotion as distinguished by the P200 component and the subsequent negative N300 component. Shorter-duration emotional speech stimuli were associated with more significant differences in emotional stimulation. 
